Near infrared spectroscopy has been used to assess the effects of bradycardia and hypoxia on the cerebral circulation in the premature neonate. The technique is well tolerated and can be applied in almost any infant. Continuous monitoring of changes in cerebral oxygenated, deoxygenated, and total haemoglobin is possible. Total haemoglobin is analogous to cerebral blood volume; thus information on circulatory changes as well as oxygenation state can be obtained. Twenty five babies had cerebral monitoring carried out using this technique. During episodes of hypoxia, both spontaneous and induced, impairment of haemoglobin oxygenation within the brain was detected together with an overall increase in the total mean haemoglobin concentration, which was 08x 10-2 mmol/l. Bradycardia with apnoea also led to impairment of cerebral oxygenation, and to a rapid fall in the concentration of total mean haemoglobin to 1-4x 10-2 mmoVI, which was followed in some cases by an increase to above the resting value on recovery of the heart rate to a mean of 0-7x102 mmol/l. These disturbances to total haemoglobin concentration represent abnormalities of cerebral blood volume that may be implicated in the pathogenesis of neonatal cerebral injury. 
Neonatal cerebral injury is an important cause of morbidity and mortality in the low birthweight and premature infant, and occurs in a significant proportion of neonates despite advances in intensive care techniques. 2 The aetiology of cerebral injury, both periventricular leukomalacia and periventricular haemorrhage, is not completely understood. Many risk factors have been identified as being associated with the development of cerebral injury, but recent work suggests that the major underlying mechanism is disturbance to cerebral haemodynamics against the background of a developing brain with immature vasculature and impaired autoregulation. Identification of such disturbance is extremely difficult in the neonate, and at best only single estimates of cerebral blood flow can be made by such methods as '33xenon clearance and Doppler ultrasound.9 '0 A relatively new technique has been developed, near infrared spectroscopy (NIRS), which appears to have the potential to make continuous, non-invasive measurements of changes in oxygenated and deoxygenated haemoglobin and in total haemoglobin, which is related to blood volume in the tissue being studied.
Previous work by our group in perfused and in situ organs in animals has demonstrated that NIRS is an easily applied technique that can give rapid results in situations that may be changing very quickly."1- 13 We report here results which show that the technique can also be used to identify abnormalities of the cerebral circulation in infants. The aims of the study were to identify, using NIRS, any disturbances to cerebral blood volume and total haemoglobin and cerebral oxygenation that may occur in association with the commonly seen problems of hypoxia and bradycardia in premature infants.
Methods

NIRS
The technique of in vivo NIRS was first described by Jobsis, 14 and Changes in the concentration of total haemoglobin are of great importance as they are considered to represent changes in blood volume of the sample being studied. In the brain all haemoglobin is contained within the vascular compartment unless haemorrhage has occurred. Provided that packed cell volume and therefore the association between plasma volume and haemoglobin remains constant, then changes in the concentration of total haemoglobin will reflect changes in total cerebral blood volume. For studies over a fairly short time period the packed cell volume can be assumed to be constant.
In order to express changes in haemoglobin oxygenation, the haemoglobin oxygenation index (oxygenated minus deoxygenated) is used. This enables comparison between babies and can be used in circumstances where there is a change in total haemoglobin.
Patients (A) HYPOXIA STUDY
Sixteen infants with a total of 50 episodes of hypoxia were studied. These infants were all recovering from respiratory distress syndrome or had bronchopulmonary dysplasia and were still oxygen dependent at the time of study. Gestational age varied from 24 to 33 weeks (median 29), birth weight ranged from 580 to 2720 g (median 1012), and age at the time of study was from 3 to 105 days (median 20).
The babies were all stable in low concentrations of oxygen, and had normal cranial ultrasound scans or minimal abnormalities.
These babies were studied during spontaneous (n=20) or induced (n=30) falls in arterial saturation as measured by pulse oximetry (using an Ohmeda Biox 3700e). A change in arterial saturation of 5 to 10% was induced by altering the inspired oxygen for a period of five minutes, then returning this to the initial value. This change is considered safe, and is similar to that seen during nursing procedures and feeds. In those infants monitored during spontaneous fluctuations in arterial saturation the concentration of inspired oxygen was increased if the saturation fell below 80%b.
In The babies were either recovering from respiratory distress syndrome or had bronchopulmonary dysplasia, and they were all relatively stable in headbox oxygen. The bradycardias in all cases were considered to be related to apnoea of prematurity and not symptomatic of other illness-that is, infection, anaemia, etc, had been excluded. In some infants treatment with oral theophyllines had been started. Monitoring was carried out during bradycardias with spontaneous recovery; if intervention was required then monitoring was terminated and the baby stimulated as appropriate.
As in the previous protocol, only three babies were of an age where transcutaneous carbon dioxide monitoring could be carried out. No change in skin carbon dioxide tension with bradycardia was detected, but again it is possible that arterial carbon dioxide tension changed in some infants. Direct blood pressure monitoring was not possible.
Approval from the local ethical committee was given for both studies and informed parental consent was obtained for each baby.
Results
Background noise while monitoring a baby in a stable state at rest was found to be ±0-0027 mmol/l for deoxygenated and ±0-0026 mmol/l for oxygenated and total haemoglobin. 2) . Again in all cases as the bradycardia recovered to the original resting heart rate the total haemoglobin concentration increased up to the previous value. In nine cases total haemoglobin continued to increase to a concentration above the previous resting value after the bradycardia had recovered (mean (SEM) 0-7 (0 07)x 10-2 mmol/l of brain) (fig 2) . Typical results from a baby studied during an episode of bradycardia are shown in fig 4 . In this example total haemoglobin increased above the initial value after recovery of the bradycardia. The effects of multiple bradycardias in an infant of 28 weeks' gestation are shown in fig 5. The fluctuations in total haemoglobin and thus cerebral blood volume can be seen to follow closely the heart rate variation during these episodes. The most striking finding is of the fall in volume with bradycardia. In the neonate cardiac output is very dependent on heart rate, so a fall in heart rate would be expected to lead to a fall in cardiac output, cerebral blood flow, and 1 1.9 thus cerebral blood volume. 21 . Figure 5 Changes in total haeoglobin (HbT), heart rate, and SaO2 during multil bradycardias beginning at (A), in an infant of28 weeks' gestation.
Bradycardias and apnoeas in infants are usually treated vigorously but are very common in the premature baby. Although most respond rapidly to appropriate treatment, there are some babies who continue to have fairly frequent episodes. Such abnormalities of heart rate also occur during ventilation-for example, with suction, tube blockage, etc. Acute falls in cerebral blood volume, particularly if repeated, may well be one mechanism leading to ischaemia in areas at risk because of their immature blood supply. This could result in cerebral infarction-that is, periventricular leukomalacia.
In some babies an overshoot in total haemoglobin and cerebral blood volume is seen after a bradycardia. The 
